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NATIONAL AEXONAUTICS AND SPACE ADMINISTRATION 

WIND-TUNNEL INVESTIGATION AT 

OF TKE STATIC 

SUMMARY 

An investigation was conducted at Mach numbers fram 0.60 
at angles of attack from -go to 9O to determine the static aer 
characteristics of a model of a reentry capsule in combination with a 
rocket booster with and without an escape rocket and tower attached. 
The Reynolds number varied with Mach number from about 1.18 x 10 6 
to 1.57 6 

The model, with over attached, 
was statically stable 
investigation, and the 
was located a distance bet 
ahead of the booster base. d tower had 
no effect on the stability or on the normal-force characteristics but 
decreased the axial-force caeffieients. The axial-force coefficientg 
at angles of attack near Oo increased with increase in Mach number 
throughout the Mach number range of the 
or without the escape rocket and tower. 

estigation for the model with 

INTR 

The Natio and S s in progress 
a wind-tunnel research program to investigate the aerodynamic character- 
istics of models of nonlifting capsules suitable for reentry and of 
models of combinations of reentry capsules and boosters. The 

x. Title, Unclassified. 
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r e su l t s  of some of t h i c k s  alone are 
reported i n  reference Teas the res &.an investigation 
of: a n o n l i f t i q  reentry ve n combination a rocket booster 

eparted i n  reference 7. 

A s  a p k t  OT t h i s  a n d - t  
een conducted i n  the Langley 8 d o o t  transonic pressure tunnel t o  

determine the pitching-knoment, normal-force, and axial-force character- 
i h t i c s  of a mod 
with a rocket b 
similar t o  one used 
and w a s  tested 
The booster w a s  simulatedl by a cylindr 
f i n s  mounted a t  the base' and was simi 
discussed i n  reference 7. 

The investigation w a s  conducted a t  Mach numbers from 0.60 t o  1.20 
The Reynolds number, based on the 

6 6 t o  1.37 x 10 over the 
a t  angles of a t tack from -go t o  go. 
maximum body diameter, varied from 1,18 x 10 
Mach number range. 

The data presented herein are referred t o  bow system of axes 
"he poi3itive diree- with the origin located a t  the center of gravity. 

t ions of forces, moments, and displacements are shown i n  f igure 1, 
coefficients and symbols_are defined as follows: 

The 

m body cr'oss- sectional A .  

axial-f orce coeff ic ient  , 

base axial-force co 

axial-force coefficient at a 0' % 

pi%t;ching-nlcament coefficient, 

ent with a at a = Qo, 

a 
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based on maximum bod.y, d i  

a angle of a t tack of model center l ine,  deg 

MODELS, TE AND AC 

Mod 

Details of the at ions are  s i n  f igure 2 and p 
graphs are  presente The basic consisted of a st 
capsule with an escape ro tower attached (similar t o  the escape 
configuration of referenc 4)  i n  combination with a cylindrical  
afterbody simulating a rocket booster with four  s tabi l iz ing f i n s  spaced 
90' apart and located near the model base. 
so tha t  t e s t s  could readily be made &et and tower 
removed. 

The mod w a s  constructed 

The escape w a s  simulated by a cyl indrical  a b 
the tower w a s  c 
t e s t s  u t i l i z ing  
tower were i n  a horizontal  plane. 

hree steel rods spaced 120° apart. For 
r, the %WQ. Lower .Sods of the  

The rocket boo F wasmade of a1W 
t ha t  of reference 7 except t ha t  the lengt 
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The s tabi l iz ing f i n s  on the booster were made of s t e e l  and had a 
4 5 O  sweptback leading edge and wedge-shaped a i r f o i l  sections. 
tests, the s tabi l iz ing f i n s  were located i n  horizontal and ve r t i ca l  
planes. 

For a l l  

Tests 

The investigation,was conducted i n  the -ley 8-foot transonic 
pressure tunnel at  Mach numbers from 0.60 t o  1.20. 
formed a t  a stagnation pressure of about 
point temperature such t h a t  the airflow f ree  of condensation shocks. 
A l l  data presented are essent ia l ly  f r e e  of wall-ref lected disturbances. 
The model angle of a t tack w a s  varied from about -9O t o  go and w a s  deter- 
mined by 
i n  the f portion of the model. Corrections been applied for 
tunnel flow angularity. The var ia t ion of Reyno e r  based on max- 

The t e s t s  were per- 
5 atmosphere and a t  a dew- 

of a calibrated fixed-pendulum strain-gage uni t  mounted 

i m u m  body diameter and free-stream conditions with Mach number i s  shown 
i n  figure 4. 

a 

The model w a s  mounted on a three-component strain-gage balance and 
w a s  s t ing supported i n  the tunnel. Pitching moment, normal force, and 
ax ia l  force were determined by means of the in te rna l  strain-gage balance 
with the pitching moments referred t o  the center of gravity. The axial- 
force r e su l t s  have been c ected t o  a condition of free-stream s t a t i c  
pressure a t  the m o d e l  base. 

Accuracy 

nce ac-curacy and repeatabi l i ty  of data, the coeffi- 
c ien ts  of p i t c  normal force, and axial force a re  estimated 
t o  be accurate 22, -t0,063, and rtO.040, respectively, a t  a 

hin rtO.010, &0.031, and rtO.019, respectively, 
ch numEer of 1.20. The imum variation of the actual  t e s t  Mach 

nominal values i s  less than S.003. The 
tack i d  est-lmated t o  be wikhin +0.20°. 

RESULTS 

The variations of base axial-force coefficients w%th angle of a t tack 
are shown i n  f i g  . The pitching-moment, normal-force, and axial-force 
character is t ics  e model with and. without t h e  escape rocket and tower 
attached are presented i n  figure 6 and are summar 
locations of the center of pressure, i n  terms of body diameters from the 
model base, are given i n  figure 8. 

d i n  figure 7. The 
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The model, with and without the escape rocket and tower attached, 
is  shown i n  figures 6(a) and 7 t o  be longitudinally s t a t i c a l l y  s table  
about the center of gravity f o r  t h i s  investigation and t o  trim at  an 
angle of a t tack near Oo. tower had go 
ef fec t  on the s t a t i c  s t a b i l i t y  of the model i n  pitch. center of 
pressure ( f ig .  8) f o r  angles of a t tack near Oo w a s  located at 
between about 0.7% and 0.60d ahead of the model base throughout the Mach 
number range of the investigation. 

Removal of the escape rocket 

The variation of normal-f orce coefficient ( f i g  . 6 (b) ) with angle 
of attack i s  essent ia l ly  l inear  and is  unaffected by removal of the 
escape rocket and tower. The slope C ( f ig .  7 )  varies a maximum of 

about 17 percent throughout the Mach number range of the investigation. 
Removal of the escape rocket and tower.from the model decreased the  
axial-force coefficient, par t icular ly  a t  the higher Mach numbers. 
coefficient CA,a4 increased with Mach number throughout the Mach 
number range of the investigation w i t h  and without the escape rocket 
and tower attached. 

Na 

The 

CONCLUDING REMARKS 

The longitudinal s t a t i c  aerodynamic character is t ics  have been pre- 
sented f o r  a model of a reentry capsule i n  combination w i t h  a rocket 
booster w i t h  and without an escape rocket and tower attached at  Mach 
numbers from 0.60 t o  1.20 and a t  angles of a t tack from -9' t o  9'. 

The r e su l t s  indicate that the model, with or without the escape 
rocket and tower attached t o  the  nose, was s t a t i c a l l y  s table  i n  pi tch 
throughout the Mach number range of the investigation and t h a t  the ten- 
t e r  of pressure f o r  angles of attack near 0' was located a t  a point 
between about 0.75 and 0.60 of the body diameter ahead of the booster 
base. 
b i l i t y .  

Removal o f ' t h e  escape rocket and tower had no ef fec t  on the sta- 

Removal of the escape rocket and tower a l so  had no ef fec t  on the 
normal-force character is t ics  but decreased the axial-force coefficients.  
Axial-force coefficients near zero angle of a t tack increased with Mach 
number throughout the Mach number range f o r  the model with or without 
the escape rocket and tower. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., June 7, 1960. 

\ 
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(a) Basic model. L- 59-1442 

(b) Model with escape rocket and tower removed. E 39-1443 

Figure 3 . -  Photographs of model configurations. 
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, Angle of ottock,a,deg 

with a for model with and without 4% Figure 5.- Variation of C 
escape rocket and tower. 
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(a) Variation of C, with a. 

ngitudinal s t a t i c  aerodynamic character is t ics  of model with 
and without escape rocket and w e r  attached. 



, 
(b) Variation of CN k t h  a. 

Figure 6. - Continued. 
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Angle of attack,a,deg 

( c )  Variation of CA with a. 

Figure 6.- Concluded. 

. 
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Figure 7.- Summary of longitudinal s t a t i c  aerodynamic character is t ics  
of model with and without escape rocket and tower attached. 
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